. The purpose of this research was to (1) conduct a preliminary taxonomic survey of Chironomidae larvae from 16 sites on salmon spawning tributaries across an elevation gradient in the Kuskokwim River watershed in western Alaska and (2) relate variations in chironomid communities to water quality and environmental characteristics of sample sites. The Kuskokwim River watershed is an important fishing resource for regional tribes and commercial fisheries (Ebbin 2002) and is one of the longest free-flowing rivers in North America (Benke and Cushing 2011) . The upper reaches of the Kuskokwim River watershed have been extensively mined in the past (Gray et al. 2000 , Jewett et al. 2003 , and thus this survey focused on sites to the south and east part of the water-shed, which had little to no mining. The watershed is bordered along the south and east by the Kuskokwim Mountains and is one of the more remote watersheds in Alaska, with few overland roads or trails connecting it to the interior. The remoteness of the high-elevation sites flowing from the Kuskokwim Mountains, combined with little to no disturbance along the southeastern portion of the watershed, means that this survey will make a valuable contribution to our basic understanding of historical communities of Chironomidae in southwestern Alaska.
METHODS
Covering 124,319 km 2 , the Kuskokwim River watershed is one of the largest freely flowing watersheds in North America (Benke and Cushing 2011) . Sixteen study sites located in the lower region of the Kuskokwim River watershed (known as the Kuskokwim Delta Basin) were each sampled one time during 2009 and 2010 (each site is known by a 4-or 5-character site code; Table 1 ; Fig. 1 ). The Kuskokwim River plain in the south central part of the basin where this study took place is characterized by fine silt and sand over fairly thick permafrost. Only one major town is found in the Kuskokwim River delta region, and use of the aquatic system is primarily commercial and native fishing (Ebbin 2002) . The Eek, Kisaralik, and Kwethluk rivers, and to a lesser extent the Tuluksak River, all originate from these mountains. Willow was the dominant vegetation in the riparian zone at most sites. Some riparian zones were also characterized by communities of willow, cottonwood, and alder. Riparian zones along EKOUT, EKMC2, and GCEEK were characterized by tundra. Temperature, pH, and conductivity were measured in situ using an Oakton PC-10 handheld unit. Equipment failure at 3 sites prevented measurement of these water quality variables. Five sites were springbrooks, 8 sites were along the main channel of the rivers, 2 sites were located along mountain tributaries, and one site was located along the headwater stream below a lake outlet (Table 1) .
We collected larval chironomids from sampling sites by using a kick net with a mesh size of 250 mm, and we standardized collections by unit effort. Specimens were preserved in the field in 80% ethyl alcohol. Samples were examined in the field and preserved in 95% ethyl alcohol. Mature larvae were prepared for identification in one of 2 ways. Following methods outlined in Beckett and Lewis (1982) , larvae were separated, when possible, into like organisms and placed on a slide in the mounting medium Euparol. After a day or two, the specimens were examined and aligned with the ventral surface facing up. A cover slip was added and the slide permitted to air dry. Larger or dark-colored specimens were placed in 10% KOH (potassium hydroxide) and heated at a low temperature for several minutes. The larvae were then transferred to glacial acetic acid to boil off the remaining tissues cleared by the KOH and to stop the KOH reaction. The larvae were then transferred to 95% ethyl alcohol and placed in Euparol as described above.
Mounted larvae were examined under compound microscopes and identified to subfamily, genus, or subgenus using identification keys in Wiederholm (1983) , Ferrington et al. (2008), and Epler (2001) . Some specimens could not be identified to genus and were retained at the next higher taxonomic level. For example, some Orthocladius are difficult to differentiate from Cricotopus, so these specimens were designated Orthocladius/Cricotopus and were considered ambiguous taxa. Estimates of richness were calculated based on unambiguous taxa such that ambiguous taxa were removed if they were redundant with higher-level taxa. Cuffney et al. (2007) showed that this process allows for retention of high-quality diversity data without biasing analyses with redundant data. Species were vouchered with either the Biodiversity Institute at the University of Kansas (Lawrence, KS) or the Museum of Natural History at Wayne State College (Wayne, NE).
Nonmetric multidimensional scaling (nm-MDS) was used to visualize ordination of sites based on water quality data, environmental characteristics, Shannon-Wiener diversity, and relative richness of chironomid subfamilies. Relative richness of subfamilies was used to represent community assemblages in the analysis because of the extremely patchy nature of the individual taxonomic data. Three sites were removed from analysis due to missing water quality data. The resulting axes were then used as outcome variables in multiple regression analysis to determine which variables used in the nmMDS ordination were the strongest predictors of variation in the sites. All predictor and outcome variables met assumptions of normality and heteroscedasticity. A hierarchical model with forward switching was used to avoid highly correlated predictor variables. Significance was set at P < 0.05, and statistical tests were performed using Number Cruncher statistical software (www.ncwebcenter.com).
RESULTS AND DISCUSSION
The survey resulted in a total of 27 taxa identified from 4 subfamilies of Chironomidae (Table 2) . Orthocladiinae was the most diverse subfamily, represented by 18 taxa, and was followed by Chironominae, represented by 5 taxa (Table 2) . Orthocladiinae were most diverse at all sites and were numerically dominant at all sites except for GCEEK, a glacial spring tributary of the Eek River (Table 1) , where Diamesa sp. comprised 52% of specimens collected. Orthocladiinae commonly dominate diversity and abundance in north temperate streams; the subfamily becomes more common at higher latitudes and altitudes (Ashe et al. 1987) and was the only subfamily present at 10 of the study sites. Diamesa is commonly the dominant genus found in glacial melt streams and often the only genus of macroinvertebrate present at temperatures <2 °C (Milner et al. 2001) . Orthocladiinae and other Diamesinae are also present in glacial streams at temperatures >2 °C. Temperature in the glacial stream in this study was 7.1 °C. In that stream, Diamesa sp. and Orthocladius (Eudactylocladius) sp. were the dominant taxa representing the subfamilies Diamesinae and Orthocladiinae, but taxa representing the subfamilies Tanypodinae and Chironominae were also present.
Orthocladius (Mesorthocladius) sp. was found only at the springbrook on the Kwethluk River, where it comprised 57% of all specimens collected and was one of the most abundant species at any of the study sites. , Stilocladius was only present in the springbrook on Kwethluk River in this study. Stilocladius was represented by very small specimens that were initially difficult to separate from Parakiefferiella, but further study showed that the specimens have large lauterborn organs on the antennae, broad seta subdentalis on the mandible, and indication of setae under the broad ventromental plates characteristic of Stilocladius. The specimens also have apically toothed SI setae typical of S. montanus (Rossaro 1979) and S. orientalis (Makarchenko and Makarchenko 2003) , and the short apical tooth of the mandible of S. orientalis.
However, the Alaska specimens also have distinctly bifid premandibles, indicating that the Stilocladius at Kwethluk River does not fit within the currently described species and is either a new species or a Nearctic species of Stilocladius that lacks a description for the larval stage. All other Stilocladius species have premandibles with a single simple tooth, although larvae of S. intermedius Wang 1998 and S. kurobekeyakius (Sasa and Okazawa 1992, redescribed in Yamamoto 1996) have not been described. Future collections along the Kwethluk River should include adult Chironomidae so that the life stages of this new species can be associated and the species described.
Water quality and physical variables varied considerably across sites (Table 3 ). In particular, elevation ranged from 15 to 666 m; stream width ranged from 1 m to over 42 m; and conductivity was low and ranged from 15.53 to 118.1 mS (Table 3) . Stream pH was neutral to slightly basic, and conductivity was low for most sites. Temperatures ranged from 3.4 to 14.9 °C and were not correlated to changes in elevation and did not consistently relate to water origins (e.g., groundwater or glacial meltwater). Diversity, richness, and relative richness of chironomid subfamilies also varied across sites, with highest diversity and richness at EKOUT (Table 4 ). In the ordination, sample sites clearly separated based on variation in water quality and physical variables and in richness estimates (Fig. 2) . Based on multiple regression analysis, elevation, conductivity, and water temperature were significantly correlated with axis 1, and percent Diamesinae, n/a n/a n/a 26.27 458 KISMC2 n/a n/a n/ conductivity, and stream width were significantly correlated with axis 2 (Table 5 ; Fig. 2 ). The headwaters of the Eek River (EKOUT) and the glacial tributary stream (GCEEK) formed a cluster in the ordination that reflected increases in elevation and conductivity, as well as increase in Diamesinae (Fig. 2) . EKOUT supported the most species (18), likely due to the additive taxa from both the lake and the outflow stream. Hayford et al. (2006) showed that chironomid assemblages were distinctly different between a lake and inflowing streams in Mongolia, but these habitats were separated by sand, gravel, or cobble bars. When such habitats are contiguous, it is possible that the mixture of assemblages increases diversity. For example, Willis and Magnuson (2000) showed that lake-stream ecotones support a greater diversity of fish than either ecosystem does individually. The other site of this small cluster, GCEEK, supported 9 species. Glacial streams have low diversity dominated by Diamesinae (Milner et al. 2001) , but diversity may increase as a function of distance from the glacier, because groups like Orthocladiinae show up in samples (LodsCrozet et al. 2001) . Elevation was a strong and significant predictor of variation along axis 1, and low elevation was one variable responsible for isolating KWER from other sites (Fig. 2) , confirming that this site is unique. This springbrook supported 11 species, including Orthocladius (Mesocricotopus) sp. and Stilocladius sp. mentioned above. Diverse communities of Chironomidae are known from cold spring environments (Lindegaard 1995 , Ferrington 1998 Fig. 2 . Nonmetric multidimensional scaling map comparing sites based on physical, water quality, and diversity variables. Open circles denote sampling sites. Statistically significant predicators of variation along the axes are given for each axis. See Table 5 for complete results of the multiple regression analysis. ambient air temperatures (McCabe 1998). Thus, cold springs can act as stable thermal refugia and may support more species than nearby streams subjected to the large variation in temperature in the subarctic environment of the Kuskokwim watershed. Furthermore, cold springbrooks feed into the salmon tributaries in the region. The connectivity between springbrooks and the salmon tributaries makes it likely that cold spring Chironomidae contribute to the overall energy of salmon food webs in the lower Kuskokwim River watershed. 
